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ABSTRACT

Chocolate/cocoa has been known for its good taste and
proposed health effects for centuries. Earlier, chocolate
used to be criticised for its fat content and its consumption
was a sin rather than a remedy, associated with acne,
caries, obesity, high blood pressure, coronary artery
disease and diabetes. Therefore, many physicians tended
to warn patients about the potential health hazards of
consuming large amounts of chocolate. However, the
recent discovery of biologically active phenolic compounds
in cocoa has changed this perception and stimulated
research on its effects in ageing, oxidative stress, blood
pressure regulation, and atherosclerosis. Today, chocolate is
lauded for its tremendous antioxidant potential. However,
in many studies, contradictory results and concerns
about methodological issues have made it hard for health
professionals and the public to understand the available
evidence on chocolate’s effects on health. The purpose of
this review is to interpret research done in the last decade
on the benefits and risks of chocolate consumption.
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INTRODUCTION

Chocolate came to Europe in the 16th century. Since then, the
modern chocolate industry has developed, and cocoa seeds
are now processed in different ways. Chocolate is the most
commonly craved food in the world." Initially it was thought
of as a luxury item, but now it is considered to be a medicine.

HISTORY OF CHOCOLATE

Chocolate originated from Mexico where the Mayas, Incas,
and Aztecs cultivated the cacao tree. At first, it was seen

as an aphrodisiac, accessible only for the affluent and
rich. Later on, because of its high price, chocolate was
replaced by coffee and tea as the main drink. However,
ultimately, chocolate did become a favourite confection
in most developed countries including Europe and North
America. Nowadays cocoa is grown mainly in West Africa,
Indonesia, and Sri Lanka.

In the past, due to its health effects, it was considered
the drink of Gods,> an association that gave rise to the
scientific name of the cocoa tree, Theobroma cacao, from
the Greek words theo (God) and broma (drink). This
attribution was given to the tree by a Swedish naturalist
Carl Von Linné (1707-1778). In fact, this name is symbolic
of the social, religious, and economic importance of
chocolate in both New and Old World cultures.

The tree and its dried seeds prior to processing are called
‘cacao’ in American English; after processing, i.e. roasting
and grinding, the term ‘cocoa’ is used. ‘Chocolate’ is the
food prepared from roasted cacao seeds.

CHEMICAL COMPOUNDS IN
CHOCOLATE THAT MAY AFFECT
HUMAN HEALTH

The nutritional qualities of chocolate have been
acknowledged by several authors and some people have
called it a complete food. Important chemicals found in
chocolate are as follows.

Fats

The fat predominantly found in dark chocolate is cocoa
butters which contains approximately 33% oleic acid
(monounsaturated), 25% palmitic acid (saturated), and
33% stearic acid (saturated).# Oleic acid has a positive
effect on lipid levelss Saturated fats adversely increase
the total cholesterol and low-density lipoprotein levels.®
However, regardless of being one of the saturated fats,
stearic acid may not have any effect on lipid levels,”® or it
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may increase lipid levels.9 The reason of this discrepancy
regarding stearic acid may be the different nature of
cocoa-derived stearic acid, from animal derived sources;
or less absorption of stearic acid.”* However, few studies
have negated this possibility.”"

Antioxidants

Cocoa contains large concentrations of flavonoids,
epicatechin, catechin, and procyanidins. Cocoa has
the maximum levels of flavonoids, greater than even tea
and wine.s Dark chocolate contains considerably higher
amounts of flavonoids than milk chocolate.’® Moreover,
the biological effects of flavonoids may also be greater in
dark chocolate because the milk in milk chocolate may
slow down the intestinal absorption of flavonoids.”” Finally,
chocolate is also rich in procyanidin flavonoids, comparable
with levels in procyanidin-rich apples.®

Nitrogenous compounds

The nitrogenous compounds of cacao include both proteins
and the methylxanthines theobromine and caffeine. They
are central nervous system stimulants, diuretics, and
smooth muscle relaxants.

Minerals and other properties

Cocoa mass also contains minerals such as potassium,
phosphorus, copper, iron, zinc, and magnesiums™ which
potentiate the health benefits of chocolate. Chocolate also
contains valeric acid which acts as a stress reducer despite
the presence of the stimulants caffeine and theobromine
in the chocolate.>®

EPIDEMIOLOGICAL EVIDENCE ABOUT
HEALTH EFFECTS OF CHOCOLATE

Epidemiological evidence about beneficial effects of
chocolate came from the Kuna Indian population of the
islands of Panama. This population is characterised by
a low prevalence of atherosclerosis, type 2 diabetes, and
hypertension. The ‘secret’ behind this is the daily intake
of homemade cocoa drink by indigenous Kuna Indians.
These traits disappear after migration to urban areas on
mainland Panama and subsequent changes in diet (i.e.
consumption of much less cocoa, which is commercially
processed), hence negating the genetic nature of the
traits.”

Further epidemiological evidence has come from
a longitudinal study looking at the lifestyle and
cardiovascular risk in a cohort of older men.?* This study
found cocoa intake to be inversely related to blood pressure.
Even after multivariate adjustment, mean systolic blood
pressure was 3.8 mmHg lower in the highest cocoa
intake group compared with the lowest intake group. In

a perspective analysis, higher cocoa intake was associated
with a reduction in cardiovascular and all-cause mortality.»
These studies show that chocolate may not only be bad for
us; some forms of chocolate may actually be good for us.

POTENTIAL HEALTH BENEFITS OF
CHOCOLATE CONSUMPTION

Interestingly, regular cocoa ingestion is claimed to be
inversely associated with the risk of cardiovascular
disease. The past decade has seen an increasing interest
in potential anti-pathogenic properties of cocoa. Although
still debated, a range of potential mechanisms through
which cocoa might exert its beneficial effects on health
have been proposed. Some of them are discussed here.

Cocoa and cardiovascular diseases

Numerous studies have suggested beneficial effects of
cocoa in cardiovascular diseases (CVD). Most recently,
Zomer et al., have concluded that the daily consumption
of dark chocolate could be an effective cardiovascular
preventive strategy in patients with metabolic disease.>+
The potential mechanisms involved in these beneficial
effects of cocoa are as follows.

Rich source of antioxidants

Oxidative stress and reduced antioxidant defences play
a pivotal rule in the pathogenesis of atherosclerosis.
Chocolate is the third highest daily source of antioxidants
for Americans. Antioxidants found in chocolate have
been shown to inhibit plasma lipid oxidation.2® However,
there is a study negating the direct antioxidant potential of
chocolate, documenting that the large increase in plasma
total antioxidative capacity observed after the consumption
of flavonol-rich food is most likely not due to flavonols but
probably is a consequence of the increased uric acid levels
resulting from fructose metabolism.?’

Blood pressure lowering effects

A large-scale, longer duration study in the Netherlands
recruited men aged 65-84 years. The subjects were asked
about their dietary intake when they enrolled in the study
and again at five-year intervals. Over the next 15 years, men
who consumed cocoa regularly had significantly lower
blood pressure than those who did not.>* Consumption of
dark chocolate bars for 15 days has been reported to reduce
systolic blood pressure in healthy subjects®® as well as in
young?® and elderly3® hypertensive patients.

The exact mechanism behind antihypertensive effects
of chocolate is not known but this may involve increased
nitric oxide (NO) bioavailability, flavonol-induced inhibition
of angiotensin converting enzyme" and stearic acid-based
reduction of diastolic blood pressure .
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Contrary to that, a few studies showed no effect on blood
pressure with chocolate/cocoa ingestion.»34 Van den
Bogaard et al. in fact put in question the blood pressure
lowering effects of cocoa. They concluded from their
randomised controlled trial that natural cocoa drinks
did not significantly change either 24-hour ambulatory
or central systolic blood pressure.s Alonso also found no
association between chocolate consumption and incidence
of hypertension in a Cohort study.’® The reason for
these inconsistencies may relate to a number of factors,
including the study design. Since these studies were
performed in a rather small number of normotensive
individuals and with a lower chocolate intake for a shorter
period, an antihypertensive effect may have been missed
as a consequence of their study design. Moreover, use
of different dietary intake questionnaires and food
consumption tables, differences in the levels and the
types of chocolates/cocoa studied and differences in
the populations investigated, might also account for
Most of the studies supporting
antihypertensive effects of chocolate used chocolate bars,

inconsistencies.

whereas the negative studies used cocoa drinks. Perhaps
the chocolate matrix is necessary for the antihypertensive
effect, acting either directly or synergistically with
flavonols.

Effects on blood vessels and nitric oxide

Numerous studies have reported that cocoa causes
significant vasodilatation by increasing serum NO levels
and endothelial NO bioavailability.3® The underlying
molecular mechanism is the ability of flavonols to increase
the NO in the endothelial cells via their capacity to activate
vascular endothelial NO synthase3® and their antioxidant
actions which lead to diminished inactivation of NO by free
radicals through inhibition of NADPH oxidase.s

Inhibits platelet activation

Platelet dysfunction is another characteristic feature of
atherosclerotic lesions. Cocoa has aspirin-like effects on
platelet function,° and the joint effects of the cocoa and
aspirin are additive in nature, suggesting improved clot
prevention afforded by cocoa.4 Chocolate has a dual effect
on platelets. It not only decreases platelet aggregation* but
also reduces platelet adhesion.®

Consumption of chocolate with high procyanidin content
significantly lowered the levels of leukotrienes and
increased the levels of prostacyclin when compared with a
group consuming a low-procyanidin chocolate. 4

Antidiabetic effects

Numerous approaches have been tried to improve insulin
sensitivity in diabetics.# Insulin sensitivity partially
relies on NO bioavailability in endothelial cells.+® Hence
flavonol may reduce insulin resistance by ameliorating

NO bioavailability. A reduction in insulin resistance and
an increase in insulin sensitivity were observed after
ingestion of flavonol-rich chocolate in healthy subjects®®
and hypertensive patients.?® Another study demonstrated
a positive impact on glucose and insulin responses to
an oral glucose tolerance test, in hypertensive adults
with impaired glucose tolerance following flavonol-rich
chocolate ingestion.#

Antistress effects

There are several bioactive compounds in chocolate that
promote alertness.4® A study in Switzerland also confirmed
that chocolate alleviates stress. Following 14 days of
dark chocolate ingestion, stress parameters in the adults
exhibiting high anxiety profiles became comparable with
the low-stress subjects.4*

Chocolate affects stress levels by prompting serotonin
production which is a calming neurotransmitter.49s°

Anti-obese effects

Obesity is one of the major risk factors in the development
of CVD. In a study an identical high fat diet, with or without
cocoa, was fed to rats for three weeks. Cocoa consumption
led to a significant decrease in total body weight, mesenteric
white adipose tissue weight and serum triglycerides. When
DNA analysis was carried out on liver and mesenteric fat
tissue samples, the results showed a reduction in expression
of various genes associated with fatty acid transport
and synthesis in liver and mesenteric fat and increased
expression of genes associated with thermogenesis.s

Effects on the neurons

A recent study of young, healthy subjects using magnetic
resonance imaging found that cocoa intake results in
increased cerebral blood flow* suggesting that cocoa
might play a role in treatment of cerebral conditions such
as dementia and stroke. Nurk et al. also reported better
cognitive performance with chocolate intake.® Larsson
et al., investigated the association between chocolate
consumption and risk of stroke in men and concluded that
daily chocolate consumption reduces the likelihood of a
stroke attack.s+ Walters et al., showed that chocolate acutely
improves cerebral blood flow.5s

Antitumour effects

A few in vitro studies suggest that cocoa inhibits the
growth of cancerous cellss®7 The exact anticancer
mechanisms are not clearly understood at this stage.
On the other hand, some studies suggest that excess
chocolate intake makes a person more prone to develop
cancers.s®9 Further preclinical and clinical trials are
needed to investigate the mechanisms involved in cocoa
actions and to justify cocoa’s usage as a therapy for the
prevention and treatment of cancer.
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Anti-inflammatory effects

Chocolate inhibits lipoxygenase pathways, by directly
binding to the active sites of the enzymes lipoxygenases.®

Cocoa and exercise recovery

It has been documented that chocolate supplementation
before exercise results in rapid recovery of post-exercise
physiological and metabolic changes. Plasma glucose
levels of subjects increased significantly at 15 minutes after
chocolate intake and stayed at moderately high levels until
30 minutes after an hour’s running when compared with
the glucose levels of placebo supplemented group.®

POTENTIAL HEALTH RISKS OF
CHOCOLATE CONSUMPTION

Surprisingly, literature on adverse effects produced by
chocolate is scarce when compared with the plenty of studies
touting the benefits of chocolate. Chocolate is believed
to cause heartburn because of one of its constituents —
theobromine, which relaxes the oesophageal sphincter
muscle — hence permitting stomach acidic contents to enter
into the oesophagus.®* A few studies have documented
allergic reactions with chocolate in children.®>%4

COULD CHOCOLATE BE A NOVEL
THERAPY FOR TREATMENT OF
HEALTH DISORDERS?

There appears to be some scientific evidence to justify
eating a moderate amount (approximately 2 oz) of dark
chocolate daily. However, the major criticism against the
consumption of chocolate for therapeutic benefit is the
high amount of sugar and triglycerides that needs to be
consumed to reach what has been demonstrated to be
a potentially therapeutic dose and a person must then
compensate for the additional calories by increasing the
amount of daily exercise or reducing caloric intake of other
fats, sweets, or carbohydrates to prevent obesity and the
metabolic and cardiovascular risks related to it.

The current evidence suggests that the beneficial
effects of chocolate are attributed mainly to its flavonol
content, especially epicatechin. Hence, direct dietary
supplementation with flavonol instead of whole chocolate
consumption deserves further study.

CONCLUDING REMARKS

The majority of studies claiming the benefits of chocolate
are small-scale, sponsored/carried out by the chocolate
manufacturers whose personal interests cannot be
ignored. This warrants due consideration in implications
of the results as there may be potential for research bias.%
Additional large-scale observational and/or interventional
studies from non-biased sources are needed before
clinicians can absolutely recommend ‘a chocolate a day’
to their patients.

In addition, the products used in controlled studies often
contain much higher polyphenol contents than most of
the commercially available products.?*%¢ Since flavonols
exhibit a bitter taste, manufacturers have established
processing techniques for cocoa which eliminate the
bitterness together with flavonoids.®” As much as 9o0% of
the flavonoids may be lost due to cocoa processing.®® Thus,
it needs to be established whether the consumption of
products with lower polyphenol content are associated with
any health benefits in humans.
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